Experimental
Chemicals Gold(III) chloride (HAuCl4, 99.995%), lithium perchlorate (LiCLO4, 99.99%), decamethylferrocene (DMFc, ≥95%), α,α,α-trifluorotoluene (TFT, ≥99%) and tetrabutylammonium perchlorate (TBAClO4, ≥99%) were all purchased from Sigma-Aldrich (Dorset, UK) and used without further purification. Ultra-pure water (Mili-Q, 18.2 MΩ) was used for all solutions.
In situ growth of Au nanoparticles to form Pickering emulsions
In this system the redox mediator also acts to reduce [AuCl4]¯. x mM DMFc is present within the organic phase (where x = 20 or 100 mM) along with background electrolyte (TBAClO4, 0.1 M). The volume of the organic solution was between 0.05 and 0.5 mL, and is 0.3 mL unless otherwise stated. The organic phase was added to an aqueous solution (4 or 6 mL) which contained y mM HAuCl4 (y was 1.1 mM for 0.3 mL of organic or scaled to keep the same proportions) and background electrolyte (0.1 M LiClO4). The two phases were shaken for 30 seconds. The electrodes were then directly immersed in the emulsion solution.
Electrochemical Measurements
A standard 3-electrode set up was used for all of the measurements. The working electrode was glassy carbon (diameter 3 mm), the counter electrode was a coiled Pt wire (99.99%) and the reference electrode was Ag/AgCl in a 1 M KCl solution connected through a glass frit. Cyclic voltammetry was performed on an Autolab PGSTAT20 potentiostat (Metrohm, Runcorn, UK).
Cryo-TEM
For TEM, nano-emulsion samples were prepared by sonicating a 50 µL solution of TFT (100 mM DMFc and 0.1 M TBAClO4) in 6 mL of 0.1 M LiClO4 for 5 minutes. After sonication a concentrated gold solution (50 mM, 0.11 mL) was added to the emulsion mixture and left for 5 minutes before dropping 5 µL onto a TEM grid. The grids used were holey carbon film on 300 mesh copper (Agar Scientific). The grid was placed in a FEI Vitrobot Mk2 vitrification system set to 8 °C and a relative humidity of 98%. The samples were blotted twice (for 2 s) and plunged into liquid ethane before transferring to a Gatan 626 cryogenic sample holder where a temperature of -179 °C was maintained during imaging. TEM imaging was performed on a FEI Tecnai Spirit G2 BioTWIN TEM operating at an accelerating voltage of 120 kV, using an Olympus-SIS MegaView III digital camera. Cryo-TEM was performed at a low electron dose (6.8 e¯ Å ).
Cryo-SEM
For cryo-SEM images the emulsion was prepared using the same method as for cryo-TEM. The emulsion was then dropcast in liquid nitrogen. The frozen droplet was placed on an SEM stub for imaging using an FEI Quanta 250 FEG environmental scanning electron microscope. The microscope is equipped with a Peltier stage which was maintained at -15 °C, the chamber was set at 95% relative humidity. In these conditions the organic phase evaporates quickly whilst the aqueous phase (ice) is maintained for longer, allowing for continuous cryo-SEM imaging of the sample.
Cyclic voltammetry of DMFc in an aqueous phase
In order for the reaction to be controlled electrochemically it is important that the redox species is insoluble in the aqueous phase and that there is therefore no direct reaction between an aqueous phase species and the electrode surface. This was examined through 2 blank experiments. In (1) an aqueous electrolyte solution was saturated with DMFc to see if the concentration dissolved was detectable in the CV. Whilst in (2) DMFc was present in a TFT droplet within the aqueous phase, however, with no direct contact between the TFT phase and the working electrode. The CVs from both experiments ( Figure S1 ) show no clear electron transfer peaks therefore proving that the reaction being detected in the other systems is the organic phase electron transfer between DMFc and DMFc + . 
Cyclic voltammetry for aqueous [AuCl4]¯
In the absence of the organic phase reducing agent, DMFc, it is still possible for some Au deposition to occur. Instead of deposition on the surface of the droplet deposition in this case occurs on the surface of the electrode. This may occur in the presence or absence of the TFT phase ( Figure S2 ). There is some variability in the response due to the deposition of Au on the carbon surface. This is prevalent within the literature and was addressed in the recent work of Lomax et al. [1] Figure S2. Cyclic voltammetry for the aqueous phase [AuCl4]¯ (1 mM) in the presence (red) and absence (black) of organic TFT droplets. Scan rate of 50 mV s -1
.
Cyclic voltammetry for the addition of [AuCl4]¯ in a thin film configuration
In order to verify the proposed mechanism, which relies on the deposited gold acting to extend the electrode surface area, the organic phase was deposited as a thin film on the electrode surface ensuring that there was complete coverage of the electrode area. As the gold grows in this system, the signal from DMFc decreases dramatically. This is in accordance with previous results which show that the gold deposit blocks the interface and therefore the transfer of ClO4¯ ions. Charge neutrality cannot be maintained during the growth and this inhibits the single electron transfer process ( Figure  S3 ).
[2] When compared with the results reported in Figure 2 , for deposition on an emulsion droplet, this clearly demonstrates that, when in direct contact with the electrode surface, the gold acts to extend the surface area of the electrode leading to an enhancement of the current. Figure S4 ). This reaction may occur through direct contact between the TFT phase and the electrode. Over time the response is stable, however, with a slight decrease in current. This response is significantly different to that in the presence of [AuCl4]¯ either in the form of an emulsion or as a thin film. 
Cyclic voltammetry for the addition of [AuCl4]¯ following emulsion formation
It is possible to form the emulsion droplets on the electrode surface before subsequently adding Au(III) to the aqueous phase in order to grow the Au NP film on the interface. This was done in order to verify that the dramatic current increase is due to the gold deposition process and not due to an improvement in droplet stability or side reaction. After performing 30 CV cycles with the DMFc containing TFT phase attached to the electrode surface, an aqueous [AuCl4]¯ solution (50 mM, 132 µL) was injected into the aqueous phase. This triggered the reduction of Au on the surface of the previously formed droplets through heterogeneous electron transfer with DMFc present in the TFT phase. As can be seen ( Figure S5 ) this leads to an increase in the signal response due to the presence of the Au particles which are able to pass the current through electron hopping to the electrode surface therefore increasing the signal from the DMFc present in the organic phase. The enhancement in current response for the addition of gold after the emulsion is formed is always significantly lower than enhancement seen when gold is present prior to the addition of TFT. We suggest that gold formed during the emulsification is able to attach directly to the electrode surface and therefore create a better contact for electron transfer. 
Cyclic voltammetry of samples prepared under the same conditions as samples for cryo-TEM
As described in the main paper, sonication was used to form emulsion droplets small enough to image in TEM. A higher DMFc concentration (100 mM) was used to reduce more gold without the use of electrochemistry. The corresponding CVs are shown in Figure S6 . In the presence of HAuCl4 the DMFc reduction appears to show 2 peaks. We suggest that this is due to the reduction of solution and physisorbed species. In these smaller droplets the relative concentration of physisorbed species is high enough compared to the bulk to show an apparent splitting in the peak. Figure S6 . Cyclic voltammetry for TFT in water emulsion matching the conditions used to produce the cryo-TEM samples:-6 mL aqueous phase (0.1 M LiClO4) and 50 µL TFT (100 mM DMFc and 0.1 M TBAClO4) (a) in the presence (0.9 mM) and (b) absence of HAuCl4 in the aqueous phase.
Optical microscope images of an emulsion showing the influence of gold deposition
In order to show the influence of gold deposition on the formation of an emulsion, microscope images were taken shortly after the emulsion formation. These images compare the same volume of oil in water with different gold and DMFc concentrations ( Figure S7 ). What can be seen is that in the presence of deposited gold species, there is a higher density of small oil droplets. With a higher gold and DMFc concentration, leading to further gold deposition, this effect is further enhanced. A full size distribution was not performed as there will be emulsion droplets that are too small for the resolution of the microscope. Cryo-SEM images of a droplet of oil in water emulsion following gold deposition An emulsion was formed by sonication following the same process as described for cryo-TEM in the main article. Directly after forming the emulsion, a droplet was collected and pipetted into liquid nitrogen. The sample was then imaged at -15 °C. As the aqueous phase (ice) begins to evaporate, the confined TFT droplets are exposed to the atmosphere. The melting point of TFT is -29 °C so the droplets rapidly evaporate leaving behind the crystallized electrolyte and DMFc species. Figure S8 shows the progression recorded in the SEM over approximately 20 minutes. c-f are successive increases in magnification indicated by the red box in the previous figure in each case. In Figure S8f the blue arrow points to the crystals formed within the droplet, whilst the yellow arrow shows some of the gold nanoparticles which have formed on the droplet surface. All of the images captured showed gold nanoparticles on the outside of the imaged emulsion droplets with none visible within the droplet cores ( Figure S8 and S9) . Figure S8 . Cryo-SEM images of a droplet of oil in water emulsion. The aqueous phase contains 0.9 mM HAuCl4 and 0.1 M LiClO4. The organic phase (TFT) contains 100 mM DMFc and 0.1 M TBAClO4. The phases were emulsified by sonication prior to the addition of HAuCl4. The emulsion droplet was dropcast in liquid nitrogen before imaging at -15 °C and 95% humidity. (a) the original emulsion droplet, (b) the emulsion droplet after ~20 minutes where the droplet has evaporated slightly and ice has formed on the SEM stub. Images c-f show progressive increases in magnification on an evaporated TFT droplet cavity. In (f) the yellow arrow points to Au nanoparticles and the blue arrow indicates the DMFc and electrolyte crystals formed as the TFT phase is removed. Figure S9 . Cryo-SEM images of a droplet of oil in water emulsion. The conditions match those in Figure  S8 . ( 
